ABSTRACT
Introduction
Pharmaceutical care is defined as the responsible provision of drug therapy for achieving specific outcomes that improve a patient's quality of life (QOL) [1] . Typically, this improved QOL would be achieved in collaboration with other healthcare professionals. Intervention of pharmacists in patient care has been reported to improve patients' QOL in various diseases [2, 3] . Gilbar reported that pharmacists play an important role in executing appropriate patient care in palliative care settings [4] . Cancer patients tend to experience increasing pain with progressing stages of the cancer. Opioid preparations have been used to relieve the pain of cancer patients, according to the three-step analgesic ladder established by the WHO [5] . Relief from pain together with the management of adverse events with analgesics is essential in palliative care for cancer patients. By minimizing suffering with drug therapy, health-related QOL (HRQOL) of patients can be improved.
HRQOL of patients is a concept that consists of various elements, including emotional well-being (EWB), functional well-being (FWB), social well-being (SWB) and physical well-being (PWB), as suggested by Schip-per [6] . Religious spirituality should also be considered as an important element for terminally ill patients [7] . Accordingly, to enhance patient care, it is important to take into account the improvements in patients' HRQOL and evaluations of subjected QOL by patients. There are some tools to evaluate patients' QOL or HRQOL, including SF-36, FLIC, and FACT [8] [9] [10] [11] . A support team assessment schedule (STAS) for evaluating the relevance between patients' objective outcome and support team assessment in a palliative care setting is also reported. [12, 13] Even with these tools, it is difficult to model the causal relationship between patients' HRQOL and the intervention of pharmacists in patients' care.
A SEM is known to model the direct and indirect relationships among the latent variables and is used to quantify explained and unexplained variance [14, 15] . Because SEM can deal with the abstraction of psychological effects as latent variables, it has been applied to measure the HRQOL of patients in nursing care [16] [17] [18] .
For various reasons related to patient care, investigators are not always successful in obtaining all the intended data in a clinical study. Although "missing data" can cause difficulties for statistical analysis, it is often unavoidable in a clinical setting. Shimozuma reported that issues based on missing data tend to increase when researching QOL in progressive cancer patients [19] .
In our previous report, we established a SEM of subjected QOL in cancer patients, wherein we accounted for the competency of pharmacists using a matrix derived with list-wise deletion (LD matrix) [20] . However, in that report, only completed forms containing all the values collected from patients and pharmacists were used in the analysis, and all incomplete forms containing missing values were excluded. In QOL research in cancer patients, missing values were unavoidable in some cases, depending on the condition of the patient. In the present report, we established SEMs using the LD matrix and a matrix derived with pair-wise deletion (PD matrix), a method designed to handle missing data. We investigated the effect of missing data on the SEM of HRQOL of cancer patients and competency of pharmacists to improve patients' QOL.
Methods

Participants
Patients: Eighteen cancer patients hospitalized in Nippon Medical University Hospital (Sendagi, Tokyo Japan) were included in this study. All patients received opioid analgesics for pain control and appropriate care with a pain control team organized by physicians, pharmacists, and nurses in the hospital. Patients who started chemo- therapy during this research or who did not complete the answer form due to severe illness were excluded. After obtaining their consent for participation, fifteen patients were enrolled in this study. A questionnaire designed to assess the HRQOL of patients consisted of four important domains: EWB, FWB, SWB, and PWB. The number of questions in the questionnaire was limited to eighteen in order to avoid unnecessary burden on the patients, as suggested by a local research committee. Pharmacists: Eight pharmacists providing pharmaceutical care in a pain control team were included in this study. Many of them had experience in pain management as members of the pain control team in the hospital. Pharmacists scored patients' status simply, and not in a structured manner, by answering seven questions based on bedside interviews with the patients.
The study design and questionnaires were reviewed by a local research committee. The background of patients and questionnaires to patients and pharmacists are the same as described in our previous paper [20] . Questionnaires to patients and pharmacists are listed in Tables 1  and 2 . Patients and pharmacists were asked four times weekly to answer the questionnaire.
Covariance Matrix for SEM Analysis
Although it was intended that sixty answers would be collected in the research, some answer forms from the patients or pharmacists were not completed, resulting in missing values. The number of completed paired (patient How would you rate the overall QOL of the patient? 6
How would you rate the pain scale of the patient? 7
How much experience do you have in pain control?
Answers were noted as scores ranging from 1 to 5, except for Q6. Answers to Q6 were rated on a score ranging from 0 to 10. (Adapted from Yamamura, et al. (20)) and pharmacist) answers was forty and the remaining twenty answers were removed to build the covariance coefficient matrix. This handling of missing data is known as list-wise deletion (a covariate matrix derived with list-wise deletion is called an LD matrix) [15] . An entire record is excluded from an analysis if a single value is missing. The other method for handing missing data is known as a pair-wise deletion. All answers are included and each covariance between variables is computed solely on the basis of available pairs of observations (a covariate matrix derived with pair-wise deletion is called a PD matrix). SEM using the PD matrix is considered suitable for confirmatory analysis and unsuitable for exploratory analysis.
Structural Equation Modeling (SEM)
SEM is a comprehensive statistical approach to test hypotheses about the relation among latent and/or observed variables. Possible models including latent and observed variables were built with AMOS 18J (SPSS Japan, Tokyo, Japan). We developed a possible model using the following criteria: 1) The model could be reasonably explained, and 2) The fitting between the model and the data could be evaluated statistically by certain goodnessof-fit (GOF) parameters: goodness-of-fit index (GFI) or adjusted goodness of fit index (AGFI) of 0.90 or greater, comparative goodness-of-fit index (CFI) of 0.90 or greater, and root-mean square error of the approximation (RMSEA) less than 0.05 [15] . Akaike's information criterion (AIC), a measure of GOF criteria adjusting for the number of estimated parameters, was also used to evaluate GOF. Owing to the use of different sample sizes for computing covariance terms in the model with the PD matrix, AIC would not be a good GOF criteria, but it was indicated for reference. Robustness of the model was investigated by a leave-one-out cross validation (LOOV).
In the LOOV procedure, the model was established using covariance matrices derived from the data sets after removal of 1 observation, and this procedure was repeated for the number of data. Table 3 shows the covariance coefficients derived with PD and LD. The effect of missing data was minimal, depending on the handling of the missing data. Figure 1 shows a SEM for HRQOL established with a PD matrix with some statistical GOF parameters. The model showed the same path diagram as the model established with LD matrix described in our previous report [20] , and fulfilled nearly all GOF criteria: GFI = 0.958, AGFI = 0.892, CFI = 1.000, RMSEA = 0.000, and AIC = 53.633, indicating that that the model with the PD matrix can be considered a reasonable statistical model. The SEM for HRQOL of cancer patients was optimized to have three elements (PWB, EWB, and FWB) in four main elements of QOL reported in the literature [6, 20] , regardless of the LD and PD matrices. Table 4 summarizes the standardized estimates of regression weights among variables optimized with the LD and PD matrices. In the model with the PD matrix, mean and standard deviation (SD) evaluated by LOOV are also shown in Table 4 to reveal the robustness of the model. Some of the standardized regression weights between variables established with LD and PD matrices were close to each other, and others were slightly different, such as the weights between HRQOL o PWB, EWB and FWB. This can be considered as folt lows: the data from the patients who did not answer the questions due to the severity of illness were not included in the LD matrix. The relationship between HRQOL to PWB consisting of the scores of nausea, vomiting, and pain, would be strong in the PD matrix. Therefore, the regression weight from HRQOL to PWB in the LD matrix would become larger than that in the PD matrix. According to be strength of the relation between HRQOL to PWB, regression weights between HRQOL to EWB and QOL to FWB would be relatively smaller. The SD of estimates evaluated by LOOV was reasonably narrow, suggesting that the optimized SEM was robust and not affected strongly by outlier(s). Figure 2 shows the model indicating the relationship between the HRQOL modeled with PD matrix and subjected QOL (Q18 QOL in Figure 2) answered by the patients. The GOF criteria of the model were calculated to be GFI = 0.942, AGFI = 0.876, CFI = 1.000, RMSEA = 0.000, and AIC = 63.524. The correlation coefficient between HRQOL and subjected QOL was poor, calculated to be 0.22. The correlation coefficient in the model with LD matrix was also poor, calculated to be 0.23 [20] . These results suggest that a meaningful part of subjected QOL in patients is influenced by other elements not included in the model. Table 5 summarizes the standardized regression weights between variables. Similar to Table 4 , the regression weight from HRQOL to PWB in he model with PD matrix was larger than that with LD t matrix, resulting in similar effects described before. The SD of the estimates evaluated by LOOV was reasonably narrow suggesting that the optimized SEM was not affected strongly by outlier(s). These results indicate that the HRQOL model with a path diagram described in Figures 1 and 2 would be robust enough against missing values and outliers. The SEM analysis with both LD and PD matrices would have advantages with regard to the effect of missing data.
Results and Discussion
SEMs for HRQOL
SEM of Pharmacist Competency in Improving QOL of Patients
We previously reported the SEM for the competency of pharmacists to improve subjected QOL of patients [20] . The model consisted of four latent variables, expressing "ability of pharmacists," "skill of assessment" of pain level in patients, "severity" of side effect and "comfort" level, respectively. The model suggested that the competency of pharmacists can improve subjected QOL in cancer patients. Table 6 shows the covariance coefficients used for SEM analysis of competency of pharmacists to improve patients' subjected QOL calculated with the PD and LD. Some coefficients were found to be affected by missing data, in contrast to the model of HRQOL. To establish the SEM, we introduced another parameter, i.e., the absolute value of difference of pain scores answered by patients and evaluated by pharmacists. This variable would indicate the pharmacists' competency to understand the patients' condition. A smaller value for this variable would indicate the pharmacist's ability to evaluate the patients' pain more accurately. The optimized model established with the PD matrix is shown in Figure 3 , and GOF criteria of the model were almost satisfactory: GFI = 0.932, AGFI = 0.856, CFI = 1.000, RMSEA = 0.000 and AIC = 63.124. The final model consists of three latent variables, expressing "competency of pharmacists," "severity" of side effect, and "comfort" level. From the magnitude of estimates of standardized weight between variables, the model can be explained as follows: when pharmacists are highly competency to assess patients' pain level based on experiences from previous association with a pain conrol team, they can work to restrain unpleasant symptoms t such as pain and constipation. If "severity" of side effects can be reduced by competency of pharmacists, "comfort" level of patients would be increased with decreasing uneasiness and increasing of subjected QOL. Because the covariate coefficients with the PD matrix were a little different from those with the LD matrix, the optimized path diagrams were slightly different from each other. However, the most important factor of competency of pharmacists in improving subjected QOL of patients was to assess the pain level of patients in both models. The models suggest that pharmacists with prior experience in a pain control team and are competent to assess patients' pain level can restrain the unpleasant symptoms of patients. As a result, subjected QOL in patients will improve.
Conclusions
The models for HRQOL of cancer patients and for pharmacists' competency to improve the subjected QOL could be established using the SEM. If there was little effect of missing values and outliers on the SEM, similar SEMs were optimized with both the LD and the PD matrices. When using the PD matrix, AIC was not a good criterion because the sample sizes for computing covariance terms were different with each other. Therefore, SEM with the PD matrix should be used for confirmatory analysis after the model has been fixed using the LD matrix. In this study, we found that if the model is sufficiently robust and if there is little effect of missing values and outliers, the PD matrix could be also effective to establish the models for HRQOL and competency of pharmacists by SEM. The two models established with LD and PD matrices strongly suggest that competency of pharmacists can improve subjected QOL of patients. 
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